Abstract: This study presents a data driven comparative analysis of the painting industries in sixteenth and seventeenth century Antwerp and Amsterdam. The popular view of the development of these two artistic centers still holds that Antwerp flourished in the sixteenth century and was succeeded by Amsterdam after the former's recapturing by the Spanish in 1585. However, a demographic analysis of the number of painters active in Antwerp and Amsterdam shows that Antwerp recovered relatively quickly after 1585 and that it remained the leading artistic center in the Low Countries, only to be surpassed by Amsterdam in the 1650's. An analysis of migration patterns and social networks shows that painters in Antwerp formed a more cohesive group than painters in Amsterdam. As a result, the two cities responded quite differently to internal and external market shocks. Data for this study are taken from ECARTICO, a database and a linked data web resource containing structured biographical data on over 9100 painters working in the Low Countries until circa 1725.
Introduction
At an auction in the early autumn of 1637, Rembrandt bought the painting Hero and Leander by Peter Paul Rubens for a little less than 425 guilders. Today, two paintings by Rubens with this subject are known: One in the collection of the Gemäldegalerie in Dresden ( Figure 1 ) and a smaller version of the same painting in the collection of Yale University. From these paintings, we know that the painting bought by Rembrandt depicted a dramatic scene in which the Nereids out of a stormy Hellespont bring ashore the dead body of Leander who drowned during a midnight swim to meet his lover Hero. She is depicted at the right side of the painting, throwing herself into the Hellespont out of devastation over her lover's death. Prior to being purchased by Rembrandt, the painting had been in the possession of the Amsterdam painter Jan Jansz. Uyl who had given it as collateral to the lawyer Trojan de Magistris. Uyl was no stranger to Rembrandt, who had previously bought a number of works painted by Uyl himself. 1 Visiting his workshop, Rembrandt would have become familiar with the Hero and Leander before he had the opportunity to actually purchase it. This might well have been as early as 1633 when Rembrandt painted his own dramatic scene at a dark and stormy sea: The famous-but stolen-Christ in the storm on the lake of Galilee (Figure 2 ).
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The documents concerning Rembrandt buying the Rubens painting and his relation to Jan Jansz. Uyl are discussed by Van Eeghen (1977) . She suggests that Rembrandt participated as a shill bidder at the auction and might not have bought the painting on purpose. However, she fails to explain how this would make sense. The Dutch, of course, responded by claiming Rembrandt as their national icon. Catalyzed by publications like those by Busken Huet (1879 , 1882 , this identification of Rubens with Belgium and Rembrandt with the Netherlands quickly became institutionalized in Dutch and Belgian historiography. Even the celebrated Johan Huizinga wrote-without any reservation-that 'you grasp Rembrandt through the Netherlands, and the Netherlands through Rembrandt' (Huizinga 1941, p. 150) . Seventeenth century Netherlandish painting and painters would-in terms of classificationsuffer the same fate as its most famous artists. Whereas contemporary biographers like Van Mander, De Bie, and Houbraken still spoke about Netherlandish artists indiscriminately, nineteenth century biographers like Kramm started to subdivide them into Dutch and Flemish artists. This practice has continued until today. As a result, the Flemish Baroque painting and Dutch Golden Age painting are almost always studied in separation, as distinct phenomena. However, there are some notable exceptions. Briels (1987 Briels ( , 1997 , for instance, demonstrated that many Dutch Golden Age painters were actually of Flemish descent and consequently, he argued, Northern Netherlandish painting was strongly rooted in Flemish traditions. The work of Briels was the onset of a gradual rethinking of the 'North-South divide' in the history of seventeenth century Netherlandish art by many scholars. Most explicit in this rethinking were De Clippel and Vermeylen (2015) who called for a more integrative history of Dutch and Flemish art. Their research project Cultural transmission and artistic exchanges in Rembrandt admired Rubens. According to Schwartz (2018) , he admired him to such a degree that in his early career he was driven by a fierce ambition to equal and to outperform the grand master of 'Flemish Baroque'. For many who are familiar with seventeenth century Netherlandish art, this might still come as a surprise. After all, there is a large body of literature and critiques in which the two artists and their works are described in antithetical terms: The Roman Catholic versus the Calvinist, the aristocrat versus the miller's son, grace versus realism, and extravaganza versus introspection. However, as Schwarz also pointed out, this Rubens/Rembrandt dichotomy is largely the product of nineteenth and early-twentieth century nationalist historiography and museology. In the aftermath of Belgium becoming independent of the Netherlands (1830-1839), the new Belgian authorities actively supported the creation of an own national history. In this climate, a series of events and publications around the Rubens Year 1840 (two hundred years after his death) contributed to the appropriation of Rubens as a Belgian national icon (Schwartz 2018; Pil 1993; Wijnsouw 2018) . The Dutch, of course, responded by claiming Rembrandt as their national icon. Catalyzed by publications like those by Busken Huet (1879 , 1882 , this identification of Rubens with Belgium and Rembrandt with the Netherlands quickly became institutionalized in Dutch and Belgian historiography. Even the celebrated Johan Huizinga wrote-without any reservation-that 'you grasp Rembrandt through the Netherlands, and the Netherlands through Rembrandt' (Huizinga 1941, p. 150) .
Seventeenth century Netherlandish painting and painters would-in terms of classification-suffer the same fate as its most famous artists. Whereas contemporary biographers like Van Mander, De Bie, and Houbraken still spoke about Netherlandish artists indiscriminately, nineteenth century biographers like Kramm started to subdivide them into Dutch and Flemish artists. This practice has continued until today. As a result, the Flemish Baroque painting and Dutch Golden Age painting are almost always studied in separation, as distinct phenomena. However, there are some notable exceptions. Briels (1987 Briels ( , 1997 , for instance, demonstrated that many Dutch Golden Age painters were actually of Flemish descent and consequently, he argued, Northern Netherlandish painting was strongly rooted in Flemish traditions. The work of Briels was the onset of a gradual rethinking of the 'North-South divide' in the history of seventeenth century Netherlandish art by many scholars. Most explicit in this rethinking were De Clippel and Vermeylen (2015) With the present study, we continue in this line of research. Considering the current developments in the historiography of seventeenth century Netherlandish art, the question arises how the painting industries in Antwerp and Amsterdam, the main artistic centers of the Netherlands, actually compared. Were they comparable in size, development, and social structure? To which extent were those industries connected by means of migration? Furthermore, thinking of painting as an industry also allows us to take into account broader spatial and economic developments. This is particularly relevant in the case of Antwerp and Amsterdam, because after 1585 the latter city took over the former's position as the most important gateway in the Northern European trading system With the present study, we continue in this line of research. Considering the current developments in the historiography of seventeenth century Netherlandish art, the question arises how the painting industries in Antwerp and Amsterdam, the main artistic centers of the Netherlands, actually compared. Were they comparable in size, development, and social structure? To which extent were those industries connected by means of migration? Furthermore, thinking of painting as an industry also allows us to take into account broader spatial and economic developments. This is particularly relevant in the case of Antwerp and Amsterdam, because after 1585 the latter city took over the former's position as the most important gateway in the Northern European trading system (Lesger 2006 ). Antwerp's economy, however, experienced a remarkable revival in the first half of the seventeenth century, a period often referred to as the Indian Summer of Antwerp's Golden Age.
Data
The sharp distinction being made between Dutch and Flemish art is obviously an important reason why a comparative analysis, let alone an integrated analysis of the painting industries of Antwerp and Amsterdam, is still lacking. Another reason is data. What we need for such a comparison is structured data on all the persons involved in this trade, some of their characteristics (occupations, periods of activity, et cetera), and preferably also data on the relations between these persons. Considering that besides Rubens, Rembrandt, and of course Jan Jansz. Uyl, more than 4000 other painters have been active in Antwerp and Amsterdam during this period, one will understand that this is by all means a very tedious task. Nevertheless, we accepted this challenge, and over the past years we have collected such data on a very large portion of the painter populations of Amsterdam and Antwerp in the sixteenth and seventeenth centuries. These data were structured and stored in a prosopographical database and web resource called ECARTICO. 2 ECARTICO has its roots in a research project on history painting in Amsterdam in the mid seventeenth century. While building a research database-which was quite limited in scope-for this project, we were so fortunate that the late Pieter Groenendijk was willing to share his data that were collected to draw up a lexicon of Netherlandish visual artists from ca. 1475 to ca. 1725 (Groenendijk 2008) . As a consequence, we were able to build a data set with a much wider scope than originally intended. In consecutive projects, we also added data on book sellers, printers, publishers, sculptors, gold-and silversmiths, and other representatives of the 'creative industries'. Currently, ECARTICO is being further developed as a central Linked Open Data resource for Golden Agents, a digital research infrastructure for the Dutch Golden Age (Brouwer and Nijboer 2018) .
In its design, ECARTICO is being geared toward the aggregation and grouping of biographical data. In this objective, it takes a different approach than documentation systems that are primarily designed for storage and retrieval of single data. Both our data model and our data entry policy are focused on avoiding, for instance, non-standardized input and duplicate entries. In case of uncertainty, this offers less room to leave things open for interpretation by the (human) end user. Choosing data consistency over expressiveness at the level of single facts, however, ensures more reliable results at higher levels of aggregation.
Currently, the database contains biographical data on more than 45,000 persons, of whom more than 9100 are labeled as painters. Unlike traditional art historical resources which are biased toward artists whose works are still known, we also included data on minor artists whose names are only known from written sources. By including all persons who are mentioned as 'painters' in written sources, we also included data on painters who may actually have been house painters. That is not just an imperfection to be accepted for the sake of inclusiveness, but rather an acknowledgement of the fact that in the sixteenth and seventeenth Low Countries there was often a gliding scale between minor artists and ordinary house painters (Mund 2005; Bakker 2011 ).
In the past years, we have extensively corrected the existing data and added many data on the relatives of artists and on visual artists that were not covered by the original Groenendijk data. We have done extensive research on the Amsterdam baptism, marriage, and burial registers in the past years. This has yielded a lot of new data on Amsterdam painters in the Dutch Golden Age. In 2010, we had data on 1010 painters who had been active in Amsterdam in the seventeenth century (Nijboer 2010) ; at the time of writing, this number has risen to 1744. Unfortunately, the admission ledgers of the Amsterdam guild of Saint Luke have not survived the ravages of time. Regarding Antwerp, however, these lists-although with a few omissions-are still at our disposal, and they were published by Rombouts and Van Lerius (1864) . These Liggeren are not completely covered by the ECARTICO database yet. However, current coverage is well over 90%, and data processing on Antwerp painters is steadily proceeding. We expect to have covered the Liggeren and auxiliary resources (e.g., Duverger 1984; Van Hemeldonck 2007) more completely in the course of 2020.
The ECARTICO database is accessible through an online interface. Web users can browse through individual records, but they can also use several tools to visualize and analyze the data. All these tools run directly against the database. In the following section, we use these tools to provide some new insights into the topic under discussion. Keeping in mind that we are dealing with data that are not complete, we provide some provisional statistics on the Antwerp and Amsterdam painter populations in the sixteenth and seventeenth centuries.
Counting Painters in Antwerp and Amsterdam
Using the (dated) work locations documented in ECARTICO, we can calculate the total number of painters that were active in a given place for each year. In Figure 3 , we have plotted these numbers for Antwerp and Amsterdam between 1500 and 1700. Since we are dealing with incomplete data, these numbers are of course lower boundaries above which the actual population size has to be estimated. The plotted numbers for Antwerp between 1585 and 1590 are expected to be very close to the actual population size because there are two fairly complete lists of guild members for that period and because extensive research has been done on the painter population of that period. Outside of this range, we expect the actual population sizes to be higher than the plotted numbers. Going back further in time, the difference is likely to become more significant. Antwerp painters is steadily proceeding. We expect to have covered the Liggeren and auxiliary resources (e.g., Duverger 1984; Van Hemeldonck 2007) more completely in the course of 2020. The ECARTICO database is accessible through an online interface. Web users can browse through individual records, but they can also use several tools to visualize and analyze the data. All these tools run directly against the database. In the following section, we use these tools to provide some new insights into the topic under discussion. Keeping in mind that we are dealing with data that are not complete, we provide some provisional statistics on the Antwerp and Amsterdam painter populations in the sixteenth and seventeenth centuries.
Using the (dated) work locations documented in ECARTICO, we can calculate the total number of painters that were active in a given place for each year. In Figure 3 , we have plotted these numbers for Antwerp and Amsterdam between 1500 and 1700. Since we are dealing with incomplete data, these numbers are of course lower boundaries above which the actual population size has to be estimated. The plotted numbers for Antwerp between 1585 and 1590 are expected to be very close to the actual population size because there are two fairly complete lists of guild members for that period and because extensive research has been done on the painter population of that period. Outside of this range, we expect the actual population sizes to be higher than the plotted numbers. Going back further in time, the difference is likely to become more significant.
Notwithstanding that they represent lower boundary estimates of actual population sizes, the curves plotted in Figure 3 reliably reflect the demographic trends of the two painter populations under consideration. Since we are dealing with two finite populations that are already extensively covered by the available data, additional research and data entry will lift the curves but is not likely to significantly alter their shapes. Until the last two decades of the sixteenth century, the chart does not show a very surprising pattern. While Amsterdam was still an artistic center of modest importance, Antwerp developed into an important market for art while becoming the main commercial metropole north of the Alps (cf. Vermeylen 2003; Martens and Peeters 2006) . The only thing that might be surprising is that the data Notwithstanding that they represent lower boundary estimates of actual population sizes, the curves plotted in Figure 3 reliably reflect the demographic trends of the two painter populations under consideration. Since we are dealing with two finite populations that are already extensively covered by the available data, additional research and data entry will lift the curves but is not likely to significantly alter their shapes.
Until the last two decades of the sixteenth century, the chart does not show a very surprising pattern. While Amsterdam was still an artistic center of modest importance, Antwerp developed into an important market for art while becoming the main commercial metropole north of the Alps (cf. Vermeylen 2003; Martens and Peeters 2006) . The only thing that might be surprising is that the data collected so far suggest that the Antwerp painter population stagnated from circa 1550 onward, the more so since we may safely assume that the peak in 1585 can be attributed to the sampling bias described above. We have considered the possibility that this phase of stagnation could reflect a lack of sources, since the Liggeren are very incomplete for the 1560's. However, if we narrowed the Antwerp painter population to only painters whose works are known, the curve would indicate a similar phase of stagnation, and the 1585 peak would disappear.
Therefore, the stagnation of the Antwerp art market may well have predated the religious, military, and political events and developments that had such a profound effect on artistic life in Antwerp: The rise of Protestantism and the revolt of the Dutch against their ruler, the king of Spain. After the iconoclasm of the 1566 Beeldenstorm and the looting of the city by Spanish troops in 1576, Antwerp took the side of the rebels in their struggle against the king of Spain from 1579 onward. In 1581, Calvinism became the official religion of the town. Antwerp had a good starting position to become the leading city in the independent Dutch Republic. However, on 17 August 1585, after being besieged by Spanish troops for fourteen months, Antwerp surrendered to the Spanish Crown. Protestant inhabitants of Antwerp were offered the choice to reconcile with Catholicism or to leave the city. Many chose the latter option.
Emigration and the fact that very few painters entered the trade in the years following 1585 had a dramatic effect on the Antwerp painter population which decreased in size by about one half. Meanwhile, the Amsterdam painter population rose rapidly in size. Shortly after 1590, the Antwerp and Amsterdam painter populations were almost comparable in size. At the same time, the Antwerp painter population started to grow again and-according to the chart-continued to be larger than that of Amsterdam for six decades. Recalling that much more data have been processed on Amsterdam than on Antwerp, we may safely assume that the latter city stayed ahead of the former until the late 1640 s. Only after 1650 did the Amsterdam painter population surpass that of Antwerp.
The continuing importance of Antwerp compared to Amsterdam between circa 1590 and circa 1650 is one surprising outcome of this time series. Even more remarkable is that the growth of the painter populations in Antwerp and Amsterdam between 1590 and 1620 runs almost perfectly parallel, and between 1620 and 1640 both populations suffered from an almost equal phase of reduced growth. This similarity in development means that both the 'restoration' of painting in Antwerp and the 'rise' of painting in Amsterdam cannot be explained by focusing on mere local conditions (and specifically local demand) as has been done so far (e.g., Bok 1994; Timmermans 2008; Sluijter 2009; Nijboer 2010) . Instead, the pattern discussed here points at a high degree of market integration, something that is also evidenced by the lively trade in Antwerp (and Mechelen) paintings in the Dutch Republic and the frequent travels by Antwerp painters and art dealers to the north (cf. Duverger 1968; Sluijter 2009; Rasterhoff and Vermeylen 2015) .
Migration
Most historians will agree that the Fall of Antwerp in 1585 was a pivotal event in the shift of the economic focal point of northwestern Europe from Antwerp to Amsterdam. In the years following 1585, about 38,000 people left the city (Briels 1985, p. 80 ). Briels has argued in several publications (Briels 1971 (Briels , 1974 (Briels , 1985 (Briels , 1987 (Briels , 1997 that the flux of (mostly) religious refugees was instrumental in the actual relocation of commercial activities, including painting, from the Southern to the Northern Netherlands. Gelderblom (2000) , however, has shown that most merchants originating from the Southern Netherlands, who were active in Amsterdam in the late sixteenth and early seventeenth Arts 2019, 8, 77 7 of 11 century, were relatively young when they settled in Amsterdam and that they arrived with modest capital. van der Linden (2015) analyzed the 1584/85 Antwerp painter population and concluded that only a minority of the painters left the city after 1585. Moreover, painters with an established reputation were even more likely to stay, and when they left, they did not go to Amsterdam. Similar reservations with regard to the claims by Briels have been made by Sluijter (2009) .
When we take a look at the figures for Amsterdam in the period 1585-1620 (Table 1) , we find more ground to be critical about the thesis of Briels. In this period, we have evidence for 321 painters being active in Amsterdam, from whom 61 were born in Antwerp. However, the number of painters that had actually been working in Antwerp prior to settling in Amsterdam was much lower: Only 32 on a total of 321. When we narrow the period under investigation to 1585-1600, Antwerp links become a little more prominent, but even then it is clear that the growth of painting in Amsterdam in the years following 1585 was certainly not the result of the relocation of painter workshops (or to put it in the abstract: Production capacity) from Antwerp to Amsterdam. Notwithstanding this conclusion, Antwerp born artists were conspicuously present within the Amsterdam painter population of the late sixteenth and early seventeenth century. However, there was a much wider area from which Amsterdam painters were recruited. 3 Amsterdam was an immigrant town and remained so for the rest of the seventeenth century. This was in sharp contrast with Antwerp where most artists were natives, as is illustrated in Table 2 . Throughout the seventeenth century, the Amsterdam painting industry was much more open to outsiders than the Antwerp industry. This is also reflected in the degree to which the trade of painting was handed over from father to son (Table 3 ). The number of painters in Antwerp who were both natives of the city and sons of painters was large in both a relative and absolute sense. This indicates that the Antwerp market for paintings was much more than its Amsterdam counterpart an insider's market. This implies that both markets were quite different in terms of information asymmetries, market access, and competitiveness, but there is no reason to assume that such differences in market conditions seriously affected the economic performance of the painting industry of one city over the other. More important is the implication that the painting industries of Amsterdam and Antwerp evolved around different stocks of social capital.
Recent contributions to social capital theory state that networks of tight interpersonal relations (bonding social capital) are beneficial to enhancing high levels of mutual trust and the formation of informal institutions that make markets operate smoothly. However, such networks are also susceptible to lock-in effects (situations in which the costs of change are higher than the benefits of 3 See also the zoomable map on: http://www.vondel.humanities.uva.nl/ecartico/analysis/?task=origin. change). Networks of loose and outward interpersonal ties (bridging social capital), on the other hand, tend to facilitate innovation and access to new opportunities (Knorringa and Van Staveren 2006; Wang et al. 2016) .
When, like in Antwerp, economic and artistic activities are embedded in a local network of strong interpersonal ties, relocating such activities is likely to result in a loss of social capital. That makes insider markets relatively resistant to external shocks, like the Fall of Antwerp, because leaving would simply cost too much (cf. van der Linden 2015). On the other hand, as De Marchi and Van Miegroet (2012) have recently argued, because of the strong kinship ties, the Antwerp art market was also characterized by a tendency toward risk avoidance and rent seeking behavior. As a result, painters in Antwerp were less equipped to deal with internal shocks, like a drop in demand. The heterogeneous and loosely connected painter population of Amsterdam had more and better opportunities for exploring new directions when the market called for change. This might well have been one of the reasons why the Antwerp painter population was surpassed by that of Amsterdam after the market for Netherlandish paintings had reached its summit between circa 1640 and 1650. 
Conclusions
In this short paper, we have set a first step toward the systematic comparison of the painting industries of Antwerp and Amsterdam in the sixteenth and seventeenth centuries. Using aggregates of the biographical data stored in the ECARTICO database, we have demonstrated that even a rather straightforward analysis of the Antwerp and Amsterdam painter populations yields important new insights into the development of the two most important artistic centers in the Low Countries between 1500 and 1700. By using the same data, we could also provide some new metrics on the impact of migration and on the social cohesion of both populations.
To summarize our most important findings:
1. The Antwerp painting industry recovered quickly after 1585, and Antwerp continued to be the leading center of painting in the Low Countries until the late 1640s. 2.
The Amsterdam painting industry grew parallel to that of Antwerp between 1600 and 1640. This might indicate that the painting industry in Amsterdam was still in many ways dependent on Antwerp as the main center for the production and distribution of paintings in the Low Countries. 3.
The migration of painters from Antwerp to Amsterdam after 1585 did not involve a large relocation of established production capacity. 4.
The Antwerp painter population formed, as compared to Amsterdam, a rather cohesive social group. This strong cohesion might explain why the Antwerp painting industry quickly recovered after 1585. On the other hand, the relative weak cohesion of the Amsterdam painter population might explain why Amsterdam painters were better equipped to deal with the changing market conditions after 1640.
At a methodological level, we have demonstrated in this paper that datasets with structured biographical data can be used to map the development and social structure of industries, and that
